Introduction
The use of motorized vehicles indoors is likely to generate contamination from combustion products. Articles mentioning changes in air quality within the context of daily activities in indoor ice skating rinks ( ice hockey, broomball, figure skating, etc. ) are numerous. Contamination by carbon monoxide ( CO ) ( Anderson, 1971; Miller et al., 1989; Le Âvesque et al., 1990; Kwok, 1993; Lee et al., 1993; Johnson et al., 1995 ) is discussed in particular, but also nitrogen dioxide (NO 2 ) (Hedberg et al., 1989; Lee et al., 1993 ) . Almost invariably, the source of the problem was the improper adjustment of the resurfacing machine combined with inadequate building ventilation.
Other events featuring vehicles equipped with internal combustion engines are also held in arenas. Monster truck competitions were held in an indoor ice skating rink in the Quebec City region on January 12, 13 and 14, 1996 . We attended these exhibitions in order to monitor the indoor air quality during the events. Once the results were obtained, recommendations were made to the building authorities. This paper describes the results of the monitoring during these events and the subsequent public health process.
Materials and methods
The indoor ice skating rink where the events were held is a building that can hold slightly more than 14,000 seated spectators. Its volume is 3,126,000 ft 3 . It has two separate ventilation systems, the first being a general system with air supply and return, and the second system consisting of four fans located at the roof of the building. All of the units have an exhaust capacity of 240,000 ft 3 /min, thus providing one air change every 13 min ( Labbe Â, 1985 ) .
To evaluate air quality during the events, we continuously measured the concentrations of CO and NO 2 in the building from the start to the end of the competitions. For CO, two types of devices were used, namely personal detectors (Toxilog, Biosystems ) and a multigas monitor 1302 ( Bru Èel and Kjaer, 1991 ) installed in a fixed position. NO 2 was also measured using a personal detector (Toxilog, Biosystems ). All the measuring equipment was calibrated before and after the events with certified gas (Megs, Canada ) .
The multigas monitor 1302 was installed in a fixed position at station 1 (see Figure 1 ). This device, with an accuracy of 3% ( Bru Èel and Kjaer, 1991 ) operated according to a photoacoustic principle and was not subject to the interference caused by methanol, the fuel used by the Monster Trucks. The limit of detection was 0.2 ppm. It provided a direct reading of the concentrations integrated every minute. The Toxilog CO monitor operated also with a response integrated every minute using an electrochemical cell consisting of electrodes in an acid electrolyte. The limit of detection was 1 ppm and the accuracy was 5% ( Biosystems, 1993 ) Beforehand, we did a pretest to ascertain that methanol would not produce any interference with the device. The monitor was carried by an employee from the``Centre de sante Â publique de Que Âbec'' (CSP ). This individual essentially remained in the same location, at station 2 ( see Figure 1) .
The NO 2 detector (Biosystems, 1993) , also equipped with an electrochemical cell had an accuracy of 5%. The limit of detection was 0.5 ppm and the response was integrated every minute. It was in a fixed location at station 1 ( see Figure 1 ).
During the competitions, a person from the CSP was responsible for monitoring the concentrations of CO and NO 2 . Based on experience from motocross competitions held in the same building (Le Âvesque et al., 1997 ) , limits had been established in advance and communicated to the promoter. Therefore, at instantaneous concentrations of 50 ppm CO and 2 ppm NO 2 measured at any sampling station, the event was to be delayed until the levels dropped below 20 ppm for CO and 0.5 ppm for NO 2 .
Results
Figures 2± 4 present a synthesis of the schedules of events on January 12, 13 and 14 in relation to the variations in CO concentrations measured continuously during the three events at the two stations sampled. The cancellation and change in sequence of different activities during the days of the events, generally done in order to attempt to limit air contamination by combustion gases, can be noted. For example, following the two demolition derbies on January 13 ( see Figure 3 ) and their significant impact on air quality, it was agreed that only one derby would be held on the 14th at the end of the exhibitions, and with fewer vehicles competing ( see Figure 4 ) . Although not indicated, the three events were also regularly interrupted due to the preestablished CO limits. Table 1 describes the time -weighted average (TWA ) concentrations and the maximum values of NO 2 measured during the three events. Even if NO 2 was detected, the concentrations measured were relatively low. Except for a few peaks, levels were below the 0.5 ppm detection limit of the monitor. Table 1 also presents results of the CO monitoring. The sampling times at station 2 on January 12th and 13th are seen to have been relatively short, namely 110 and 36 min respectively. These fluctuations are due to technical problems with the device used in the upper section of the stands ( station 2) during the first 2 days.
Discussion
NO 2 is a strong pulmonary irritant, which, even at low concentrations, is a threat to human health. This is reflected in very stringent workplace standards. The National Institute for Occupational Safety and Health (NIOSH ) therefore stipulates a short -term exposure limit ( STEL ) concentration for 15 min of 1 ppm ( National Institute for Occupational Safety and Health, 1997 ) .
For the entire population, Canadian air quality guidelines are clearly more stringent. They stipulate that the maximum acceptable levels for NO 2 in indoor air ( stringent enough to protect the health of occupants ) are 0.25 ppm for 1 h and 0.05 ppm for lifetime exposure ( Health and Welfare Air quality monitoring in indoor demolition shows Canada, 1989 ) . Unfortunately, the sensitivity of the device used did not allow to verify compliance with these standards. The TWA was below 0.5 ppm, the limit of detection of the device (Table 1 ) . However, the maximum values nevertheless fluctuated between 0.6 and 0.8 ppm, and occurred mainly when the Monster Trucks were present. One also notes that these vehicles are likely to generate NO 2 contamination, which can be controlled at the source by an optimum adjustment of carburetion. These results demonstrate the need for measuring NO 2 emissions during Monster Truck exhibitions indoors. Data in Table 1 show a variation between CO concentrations obtained at the two sampling stations. For the events on the 12th and 14th, a ratio of 2 is noted between the TWA measurements taken at station 2 and station 1. Also, there were variations between the peaks ( numbers over 200 ppm and maximum ) between the two stations. These variations corroborate the results obtained during a motocross competition held in 1994 in the same indoor ice skating rink (Le Âvesque et al., 1997 ) and again confirm the need for monitoring at several locations in the building.
Based on the C0 monitoring, several changes were made to the building ventilation during the different events, by opening the outside doors or by modifying the mechanical ventilation system. Improvisation prevailed and many problems were noted, including underventilated upper sections of stands and secondary temperature inversions caused by the entry of cold air ( À 108C ) when the outside doors were opened. This resulted in a layer of hot contaminated air being trapped above a layer of cold incoming air. Consequently, several variables could have affected the CO concentrations.
Figures 2± 4 illustrate more precisely the variations in CO concentrations during the three events. Note the significant peaks that occurred at station 2 at the start of the exhibitions on the 12th (see Figure 2 ) and 13th (see Figure 3 ). These peaks are probably related to the mechanical ventilation system during these two events that was operated at a minimum during the first few minutes to try to diminish the demand to the heating system. Note also, mainly in Figure 4 , a difference of a few minutes between the peaks measured at station 1 and station 2. On the same diagram, one can see a much slower drop in the concentrations at station 2, indicating much less efficient ventilation at this location. In Figures 2± 4, the size of the peaks and the rapidity in which they occur are factors to be considered. If the CO concentrations are compared to the activities presented, one notes that the events featuring Monster Trucks and demolition derbies are particularly polluting. This, as well as the ventilation problems described in the previous paragraph, probably explain the difficulty in limiting spectator and worker exposure, despite the repeated interruptions in activities and the cooperation of the promoters.
These results have important implications for demolition derbies. In these activities, where vehicles (cars or trucks) ram into one another until only one vehicle remains running, the emissions produced may contain numerous substances. Breakdown of the cooling systems, fires under the vehicles, and rubber being consumed are likely to produce various potentially irritating toxic substances (sulfur dioxide, respirable particles, aldehydes, etc. ) and it then becomes difficult to properly monitor the air quality.
The measured concentrations were similar to those documented in the literature for the same type of event. In Winnipeg, Luckurst and Solkoski (1990 ) measured CO levels during two tractor pull events. During the first competition, concentrations varied between 68 and 262 ppm. This prompted authorities to attempt to maximize ventilation using the existing equipment during the next event. These efforts were futile and the CO levels fluctuated between 77.5 and 435.7 ppm ( Luckurst and Solkoski, 1990 ) . Events of this type are therefore now prohibited in this indoor ice skating rink. In Cincinnati, CO concentrations were measured during three different competitions ( tractor pulls and Monster Truck jumps ). The average concentrations during the different events were 79, 106, and 140 ppm, respectively (Boudreau et al., 1994 ). The authorities then decided that administrative action and engineering measures should be implemented and that in the future, CO levels should never exceed a 15 -min TWA of 35 ppm, and the peaks should not exceed 200 ppm for two consecutive samples taken 15 min apart ( Boudreau et al., 1994 ) .
In the workplace, NIOSH recommends a maximum average concentration for 8 h of work ( TWA -8 h ) of 35 ppm and a maximum permissible limit ( ceiling value ) of 200 ppm ( National Institute for Occupational Safety and Health, 1997) . NIOSH has also established an IDLH value ( immediately dangerous to life or health concentration ) for CO. Above this concentration of 1200 ppm (National Institute for Occupational Safety and Health, 1997 ) , the utmost must be done to avoid exposure, and exposed workers must be equipped with respiratory devices providing maximum protection.
Standards for workers can clearly not apply to a mixed group attending a Monster Truck event as a leisure activity. This group may consist in part of more vulnerable people who obviously cannot be compared to workers. One must therefore refer to safer guidelines or standards that apply to the community attending these events.
The World Health Organization ( WHO ) mainly considers the populations more vulnerable to CO as those people suffering from cardiovascular problems and chronic obstructive lung disease, as well as anemic people, young children, and pregnant women and their fetuses (World Health Organization, 1979 ) .
Community guidelines are established by health authorities following a calculation similar to that used for setting TWA in occupational health. In the United States, the Environmental Protection Agency (EPA ) sets the average concentration of CO not to be exceeded more than once per year for a 1 -h and for an 8-h average exposure at 35 and 9 ppm, respectively (Environmental Protection Agency, 1985 ) . In Canada, reference limits of 25 ppm for 1 h, and 11 ppm for 8 h, have been established for indoor air (Health and Welfare Canada, 1989 ) . Finally, the WHO recommends respectively 25 and 10 ppm as the limits not to be exceeded for 1-h and 8-h average exposures (World Health Organization, 1979 ) .
During the 3 days of competitions, the ceiling value of 200 ppm set for workers by NIOSH was exceeded several times, both at station 1 and at station 2. A more troubling fact was that the IDLH value of 1200 ppm established by the same organization and indicating an immediate danger was reached three times at station 2, on January 12th (1628 ppm, 1277 ppm ) and January 13th ( 1645 ppm ). Even if these high concentrations were documented over very short periods, it is clear that similar values are to be prohibited.
In evaluating the exposure of the spectators and the acceptability of the results in terms of public health, one must consider the fact that it is an unusual short -term exposure, but particularly that the people in attendance are not very active physically ( sedentary ). Also, care must be taken in applying limits such as those already mentioned of the EPA (Environmental Protection Agency, 1985 ) , WHO (World Health Organization, 1979) or even the Canadian Advisory Committee on Environmental and Occupational Health ( Health and Welfare Canada, 1989 ) , which set The time -weighted average concentration was not calculated because the sampling period was too short.
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criteria for individuals doing light work (alveolar ventilation rate of 18 l/ min ). WHO suggests, to protect the general population ( including more susceptible groups ), that CO exposure be limited in such a way as to maintain the blood level of carboxyhemoglobin (COHb) below 2.5% to 3% (World Health Organization, 1979 ) . Using the Coburn model ( Coburn et al., 1965 ) , one can estimate the values of COHb generated by different concentrations of CO as a function of the activity level. Thus a sedentary subject ( alveolar ventilation of 6 l/ min ) exposed for 180 min to approximately 40 ppm of CO, has a concentration of COHb of 3.0%, which complies with WHO recommendations (World Health Organization, 1979 ) . By comparing this value of 40 ppm to the concentrations in Table 1 , one notes that it was greatly exceeded on the 12th at both stations as well as on the 14th at station 2. Finally, it can also be assumed in the light of the few data collected on the 13th at station 2, that the CO concentrations were higher than 40 ppm in the upper section of the stands.
The symptoms of the workers, participants or spectators were unfortunately not monitored during the event. However, no case linked to a potential exposure to CO during the events was reported in emergencies or medical clinics in the region. Nonetheless, with air quality monitoring, and despite the fact that the activities were regularly interrupted, several spectators and workers were clearly exposed to excessive concentrations of CO.
Based on this observation, it was first agreed that no motorized vehicle event would be held inside the building during the winter due to difficulties in using natural ventilation.
Also, recommendations were made for an upcoming event that was held in May 1996. It was agreed with the administrators that:
1 ) a competent firm be given the mandate to carry out a ventilation study of the building and to ensure that the system operated properly during the event; 2 ) the promoter hire a specialized company to adjust the carburetors of the Monster Trucks before the event;
3 ) the evening program be designed to limit the polluting activities by including in the program, exhibitions of non -motorized vehicles (mountain bikes, radio -controlled vehicles ) or those unlikely to generate significant emissions of combustion gases; 4 ) the spectators be warned at the start of the event about the emissions generated by the motorized vehicles and about the health hazards for more vulnerable people ( pregnant women, people suffering from heart problems, etc. ) ; 5 ) CO and NO 2 be continuously monitored in the building during the event respectively at 4 locations and 1 location in the assistance.
As agreed before the event, the Monster Trucks were adjusted by a specialized mechanic using an analyzer designed to measure CO, NO 2 , hydrocarbons and oxygen at the carburetor. In three vehicles out of six, the adjustments resulted in significant reductions (from 1.45%, where 1% = 10,000 ppm, to 6% ) in CO emissions in the exhaust gases.
To evaluate the air quality in the ice skating rink during the event, the concentrations of CO and NO 2 were measured continuously from the start to the end of the competitions, using the same equipment as in the January events, but with two additional Toxilog CO monitors.
As in January, the multigas monitor 1302 and the NO 2 detector were installed in a fixed position at station 1 (see Figure 1 ). Toxilog CO monitors were carried by people who essentially remained stationary, namely at stations 2, 3 and 4 (see Figure 1 ) , except for station 3, which was moved to position 3A during the second half of the event.
Several activities that produce very little or no pollution (remote -controlled car, mountain bikes, etc. ) were inserted between the successive Monster Truck exhibitions. These activities and the intermission lasted more than half of the time of the event (129 min out of 230 min ) .
No NO 2 concentration was recorded by the monitor at station 1. Table 2 shows the TWA documented by the four CO detectors during the entire event. For the 230 min of the event, identical TWA of 25 ppm were recorded on the west side, and slightly lower TWA of 19 and 15 ppm were recorded at stations 3 and 4 located on the east side. Despite the slight differences noted, the CO concentrations were well controlled during the event.
With the ample ventilation and the rapidity of attenuation of the concentrations, there was no need to stop the competitions for health concerns. According to the Coburn model (Coburn et al., 1965 ) , a sedentary subject exposed for 230 min to 25 ppm of CO has a COHb concentration of about 1.4%, which complies with WHO recommendations (World Health Organization, 1979 ) . Therefore, the people present were not overexposed to CO during the event, and the intervention steps that we implemented were effective.
Indoor exhibitions of motorized vehicles clearly generate significant amounts of combustion gases, which can constitute a health risk. We believe that few indoor ice 
